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(57) ABSTRACT 

A method and apparatus for saving power during punctured 
transmission in a CDMA mobile communication system. 
The apparatus comprises a baseband device, a mixed signal 
portion, a radio frequency (RF) fronlend and a power supply. 
The baseband device comprises a variable rate voice coder 
(vocoder) which reduces the rate of voice data transmission 
to the mixed signal portion when voice activity by a user is 
low during a two-way conversation. When the rate of voice 
data transmission is reduced, there are one or more periods 
in which no voice data is transmitted. The system provides 
a signal from the baseband device to power OFF certain 
portions of the mixed signal portion during the periods of 
transmission with no voice data. This reduces the amount of 
power consumed by the mixed signal portion and enhances 
the life of the power supply. 

18 Claims, 4 Drawing Sheets 
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METHOD AND APPARATUS FOR SAVING device when do voice data is transmitted. In existing 18-95 

POWER DURING PUNCTURED CDMA systems, the handset powers OFF certain compo- 

TRANSMISSION OF MOBIIJ£ nents of the RF frontend portion, such as a power amplifier 

COMMUNICATIONS (PA) and other drivers, during an intermittent burst in the 

S baseband device when no voice data is transmitted. The 
handset powers the components back ON when there is a 

BACKGROUND OF THE INVENTION burst with voice data to be transmitted. But the remainder of 

1 c;«M the RF frontend portion, such as a mixer and variable gain 

1. Field of the Invention ,.o /^,^a x j Iu • j • i i 

_ ... „ , . amplifiers (VGAs), and the mixed signal portion are always 

The present mvenUon relates generally to electncal ^^^^^ 

devices. Specifically, the present invention relates to a ™ ... • , i 

method and apparatus for saving power during punctured J^^ P^«*°' 'T'l '^^^T\^r.^^°1i " oommsnA to 

.^'^ ■ * selectively power (gate) OFF and ON certain components of 

transmission m a mobile communication system. . ^ • , . • • . .... 

the mixed signal portion durmg intermittent bursts m the 

2. Brief Description of the Related Art baseband device with no transmitted voice data. In one 
The three major types of multiple access networks are 15 embodiment, these components include a digital-to-analog 

frequency division multiple access (FDMA), time division converter (DAC), one or more switched capacitor filters, and 

multiple access (TDMA) and code division multiple access one or more continuous time smoothing filters. In one 

(CDMA). In a CDMA system, various users share the same embodiment, a burst in the baseband device is 1.25 miUi- 

frequency and the same time slot. The users arc distin- seconds long in a 20 msec frame. In one embodiment, the 

guished (channelized) from each other by assigned code 00 signal is based on a command from a modem inside the 

sequences, such as orthogonal codes or pseudorandom noise baseband device. In another embodiment, the signal is 

(FN) codes. Each receiver in a CDMA system separates the generated by a voice coder (vocoder) inside the baseband 

transmitted signals from a base station by using a correlator device. In another embodiment, the signal is generated by a 

that accepts only signal energy designated to a particular vocoder outside the baseband device. In one embodiment, 

user. Undesired signals constitute noise, A receiver in a 25 the signal is generated by a processor inside the baseband 

CDMA system must filter out these undesired signals. device. 

By transmitting at the same time and sharing the same The present invention saves significant amounts of power 

frequency, the users constimte mutual interference to each and thereby increases talk time. Because the voice activity 

other. A CDMA transmitter of one user may substantially factor is typically 0.40 or 40% or less, the present invention 

reduce the interference generated by the transmitter by can save approximately 60% of the power consumed by 

reducing the transmission rate when the user's voice activity certain components in the mixed signal portion, 
is low. When the transmission rate is reduced, there are 

intermittent bursts (periods or groups) when no voice data is BRIEF DESCRIPTION OF THE DRAWINGS 
transmitted. 

^ , r . J - . L I -35 FIG. 1 illustrates a one embodiment of a wireless com- 

An important factor m designmg new mobile communi- ^^^ication handset, 

cation handsets is savmg power, which directly affects the r ■ t 

battery life and the 'talk time' of the handset. As smaller P^^. 2 ilkstrates one cmbodimerit of a set of internal 

form factors Umit the size and type of components used, components m the handset of FIG. 1 m accordance with the 

including battery cells, power savings is becoming more present invenUon. 

critical in current wireless communication devices. FIG. 3 illustrates a portion of the internal components of 

FIG. 2. 

SUMMARY OF THE INVENTION piG. 4 iUustrates a set of frames of reverse link informa- 

lS-95 is a digital standard or protocol for CDMA cellular tion used by the handset of FIG. 1. 

system operation. IS-98 is a test standard derived from the ^5 nPTAir Fn HF^irniPTrnM OF THF 

IS-95 standard for CDMA mobile stations. IS-95 CDMA JrfIpr^ 

mobile communication systems enhance the capacity of the PRthbRRhD hMBOUIMhN 1 

network and save power in the handset by taking advantage Although the embodiments of the present invention are 

of the nature of human speech. In CDMA systems, voice or described below for a CDMA system, the present invention 

speech activity is not always present during a two-way 5Q may be implemented in a FDMA, TDMA or other commu- 

conversation. Statistically, in a two-way conversation, the nication system. In a FDMA system, the users do not share 

voice activity from one side (voice activity factor) in a full frequency bands, and in a TDMA system, the users do not 

duplex, CDMA system commonly only comprises 40% or share time slots. As a result, there is a time delay in FDMA 

less of the total speech time. For the remainder of the speech and TDMA systems associated with reassigning the channel 

time, there is no voice activity from one side and no 55 resources during pauses in speech. This time delay makes it 

information being transmitted from that side. difficult to obtain the same efficiency gains as a CDMA 

In general, a mobile communication handset commonly system. In a CDMA system, all the users share the same 

comprises a radio frequency (RF) frontend portion, a mixed frequency and time slots. There is no time delay associated 

signal portion or interface, a baseband device, a microphone with reassigmng channel resources. Thus, it is possible to 

and a speaker. In existing CDMA handsets, a voice coder reduce the transmission rate during pauses in speech. When 

(vocoder) reduces the rate of voice data transmission when the transmission rate is reduced, certain portions of a mobile 

there are pauses in a user's speech. The reduction in the handset may be powered OFF (deactivated) during intermit- 

transmission rate creates intermittent bursts in the baseband tent bursts within the baseband device with no transmitted 

device when no voice data is transmitted. voice data. 

To save power on a mobile handset, it is desirable to 65 FIG. 1 illustrates one embodiment of a wireless commu- 

momenlarily and selectively power OFF certain portions of nication device or handset 5 in accordance with the present 

the handset during an intermittent burst in the baseband invention. FIG. 2 illustrates one embodiment of a set of 
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intenul components in the handset 5 of FIG. 1. In FIG. 2, the eis may be used which have less than four or more than four 

handset 5 comprises a radio frequency (RF)&ontend portion rates of operation. The variable rate vocoder 65 takes 

12, a mixed signal portion SO, a baseband device 55, a advantage of low speech acUviiy from the user side by 

microphone portion 75 and a speaker portion 85. The RF transmitting data to the modem 70 at a lower rate. For 

frootend portion 12 comprises an antenna 15, a duplexer 20, 5 example, if there are more pauses in a person's speech, the 

a receiver or receive chain 25, and a transmitter or transmit voice activity factor is lower, and the vocoder 65 lowers the 

chain 30. The transniit chain 30 comprises one or more transmitted data rate. 

power amplifiers (PA) 35, one or more mixers 40, and one The original purpose of reducing the rale of transmission 

or more variable gain amplifiers (VGAs) 45. ^ reduce the amount of interference generated by an 

The baseband device 55 comprises a digital baseband 10 individual handset 5. The reduction in the transmission rate 

processor 60, a voice coder (vocoder) 65 and a modem 70. creates intermittent bursts (periods) with no voice data. 

In another embodiment, the vocoder 55 may be outside the jhe variable rate vocoder 65 lowers the transmitted data 

baseband device 55 and in communication with the base- rate to one-half, one-fourth or one-eighth of the full rate, 

band device 55. The baseband device 55 may comprise other depending on the voice activity factor. In one embodiment, 

controllers, vocoders and man-machine interfaces (MMO- the vocoder 65 uses Uie full rate when speech activity is high 

The microphone portion 75 comprises an analog-to-digital j^jjj one-eighth rate when speaker activity is absent. 

(A/D) converter 80. In another embodiment, the microphone j^^ one-half and one-fourth rates are used for transition 

portion 75 comprises a codec, which has both an A/D and a periods between speech and silence. 

D/A converter. P,q ^ ^ information frame 130 within the 

In FIG. 2, the component configuration of the handset 5 ^ baseband device 55 transmitted at full rate, all 16 of the 

is a general architecture used in wireless telephones. In other pcGs in the frame 130 contain voice data. When the vocoder 

embodiments, tiie handset 5 may comprise additional 55 lowers the transmitted data rate within the baseband 

amphfiers, driveis, filters, controllers, processors, feedback device 55 to one-half, one-fourth or one-eighth of the full 

loops, memory or other devices. One of ordinary skill in the rate, then only eight, four, or two of the 16 PCGs rcspec- 

art will appreciate that FIG. 2 is an exemplary embodiment ^ tively are transmitted. The rest of the PCGs in the frame are 

of a handset 5 and that other handsel embodiments may be not transmitted. For any frame transmitted at less than fill 

used in accordance with the present invention. r^te, the PCGs which contain voice data are randomly 

In general, the A/D converter 80 within the microphone spaced in the frame within the baseband device 55. One of 

portion 75 converts an analog voice signal to a digital signal. ordinary skill in the art will appreciate that the random 

The baseband device 55 interfaces with the microphone 75. spacing of the PCGs is determined by a number of factors. 

The vocoder 65 encodes the baseband data and feeds it to the such as the IS-95 standard, the voice activity of the user, and 

mixed signal portion 50 via the modem 70. The vocoder 65 the design of the baseband device 55. 

compresses (encodes) the high rate digital voice signal from por example, for a frame 140 in FIG. 4 transmitted within 

the A/D converter 80 to a lower bit rate in order to reduce the baseband device 55 at one-fourth of tiie full rate, only 

bandwidth. four out of the 16 PCGs contain voice data which is 

FIG. 3 illustrates a portion of the handset components of transmitted. These four PCGs are randomly distributed 

FIG. 2. The mixed signal portion 50 comprises a transmit within the frame 140. In FIG. 4, the second PCG, the fifUi 

nuxed signal portion 115 and a receive mixed signal portion PCG, the ninth PCG, and the fifteenth PCG of the frame 140 

120. The transmit mixed signal portion 115 comprises a ^ contain voice data and are transmitted. The remaining PCGs 

digital-to-analog (D/A) converter 100, a switched capacitor may contain redundant or unused data, and they are not 

filter 95, a continuous time smoothing filler 90, a phase- transmitted. Because the PCGs which contain voice data are 

locked loop (PLL) 110 and one or more voltage controlled randomly spaced in frames transmitted at less than the full 

oscillators (VCOs) 105. In one embodiment, the mixed rate, various frame configurations are possible but are not 

signal portion 50 is an RF 252 model manufactured by shown in FIG. 4. 

Rodcwell Semiconductor Systems, Inc. in Newport Beach, One of the advantages of using a reduced, data transmis- 

sion rate in a CDMA system is the potential to save power. 

The D/A converter 100 converts digital baseband data In a preferred embodiment of the present invention, the 

from the baseband device 55 to an analog signal. This analog transmit mixed signal portion 115 is momentarily powered 

signal is filtered by the switched capacitor filter 95 and the 5Q OFF during a PCG when there is no data being transmitted, 

continuous time smoothing filter 90 to meet spectral masks. In one embodiment with a Rodcwell RF 252 mixed signal 

The PLL 110 and the VCO 105 generate a second intermc- portion, the transmit mixed signal portion 115 consumes 

diate frequency (IF) signal for the transmit chain 30. approximately 6-7 milUAmps. Thus, the handset 5 reduces 

FIG. 4 illustrates a set of frames of reverse link informa- power consumption by 6-7 milliAmps when it momentarily 

tion within the baseband device 55. The information within 55 powers OFF the transmit mixed signal portion 115 during 

these frames is ultimately transmitted by a mobile unit, such every PCG when there is no voice data to be transmitted, 

as the handset 5 in FIG. 1, to a base station (not shown). In To save power, the transmit mbced signal portion 115 is 

IS-95 based systems, the reverse link information from the gated ON and OFF by a signal or command from the 

vocoder 65 is grouped into frames of 20 milliseconds in baseband device 55. The signals associated with the handsel 

duration. As shown in FIG. 4, every 20 msec frame is 60 5 is described with reference to RGB. 2-3. In one 

divided into 16 groups called power control groups (PCGs). embodiment, the transmitter 30 is first switched ON during 

Each PCG is 1.25 msec in duration. a traffic channel substate mode (defined in IS-95 as the time 

The use and operation of the present invention is when both the transmitter 30 and the receiver 25 are ON 

described with reference to RGS. 1-4. In a preferred simultaneously). SpecificaUy, the transmit diain 30 and the 

embodiment, the vocoder 65 is a variable rate vocoder which 65 transmit mixed signal portion 115 are first powered ON by 

can operate at one of four rates depending on the level of a a start signal, such as an IDLE/ signal. In one embodiment, 

person's speech activity (voice activity factor). Other voood- the same signal may be used to power ON the receive chain 
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25 and the receive mixed signal portion. In one embodiment, reduces the amount of power consumed by the mixed signal 

the IDLE/ signal makes a '1' (high) to '0' (low) transition. portion and enhances the life of the handset's battery. By 

One of ordinary skill in the art will appreciate that the enhandng the life of the battery, the present inventioo allows 

signals described below in accordance with the present & ^ ^^PY ^ longer 'talk time' on the handset, 

invention may be activated (or deactivated) by making a '1' s While embodiments and ^plications of this invention 

to *0' transition or a *0* to '1' transition. l^ave been shown and described, it will be apparent to those 

After the start signal powcis ON the trananit chain 30 and ^^^^ modifications are posablc 

the transmit mixed signal portion U5, the digital baseband "^'^^ TT^ ^^"^ of the mvention. It is. 

processor 60 or the iTdem 70 generates a signal, such as a f^^^^l > understood that withm the scope of the 

PA TORN OFF signal, when the vocoder 65 switches to 10 appended claHns tks inveouo^ 

~L IP ~f ♦u • u.u * -m. DA niiiKT than as specincally descnbed. 

one-half, one-fourth or one-cighth rate. The PA_TORN_ Wh^i ^ claimed is- 

OFF signal ^ then deacUvated if the vocoder 65 switdies ^ ^ ^j^bile communication system with a radio fre- 

back to the ftiU rate. quency (RF) frontend, a mixed signal portion, and a base- 

Another signal, based or derived from the PA^TORN_ band device, said mobile communication system compris- 

OFF signal, indicates when data in a particular PCG is ready ing: 

to transmit. In one embodiment, this derived signal is a a signal generated by the baseband device to the mixed 

general purpose input output (GPIO) signal from the digital signal portion, said signal causing one or more com* 

baseband processor 60. In another embodiment, the GPIO ponents of the mixed signal portion to power OFF 

signal is generated by the modem 70. In one configuration, during at least one period when no voice activity is 

the GPIO signal makes a low-to-high transition when there ^ transmitted, said signal causing said one or more com- 

is data ready to transmit in a particular PCG. The GPIO ponents of the mixed signal portion to power ON 

signal makes a corresponding high-to-low transition when dnnag at least one period of transmission with voice 

there is no data to be transmitted in a PCG. This GPIO signal ^ , • • 

is used to gate the transmit mixed signal portion 115 of the , 2. The mobile communication syslein of claim 1, wherem 

mixed signal device 50 ON and OFF. In a preferred ^ the system x^cs Code Division Multiple Access CDM^^ 

embodiment, the GPIO signal is anANALOG^TORN_ON . ^' J «^°^^«i^ation system of claim 1, wherem 

. . ^ the pcnods when no voice activity is transmitted are power 

control groups (PCGs) of 1.25 milliseconds in duration. 

In another embodiment, after the IDLE/ signal is activated 4, mobile communication system of claim 1, wherein 

and when voice activity is random, a MAS K_DAIA signal said signal is generated by a processor associated with the 

powers ON and OFF the transmit mixed signal portion 115 baseband device. 

during PCGs with no transmitted voice data. 'Mask' in this 5. The mobile communication system of claim 1, wherein 

sense means a PCG is masked because there is no voice data said signal is generated by a modem associated with the 

in that PCG to be transmitted. In one configuration, the baseband device. 

mixed signal portion 50 is powered OFF when the MASK_ 6. The mobile communication system of claim 1, wherein 

DATA signal changes from *0' to *1'. The MASK_DAIA said signal is generated by a voice coder (vocoder) assod- 

signal allows sufficient lead time for the power amplifier 35 ^^ed with the baseband device. 

to warm up mobile communication system of claim 6, wherein 
Tbislead'timemwtsthegatedoutputpowermaskdelined ^''"'^^\ f " J^ri^We rate vocxxler capable of transmit- 
by IS.95. The gated outpm power made is the time for a « '"^ '^t'l r . ' f , • 7 h 

. 1 . ^ . 1 1 ^ o. The mobile communication system of claim 7, wherem 

transniitter signal at ttie antemia 15 to reach its final value ^^^-^^le rate vocoder is capable of transmitting voice 

after bemg cominanded to power ON The gated output ^^^^ one-half, one-fourth, and oneneighth of a full rate of 

power mask also defines a certain noise floor (20 dB) below transmission when voice activity by a user is low. 

the trananitter signal when the transmit chain 30 is powered 9 ^^^^^^ communication system of claim 1, wherein 

OFF In the present embodiment, the allowed gated output 45 5^^^ one or more components of the mixed signal portion 

power mask time is 7 microseconds. If the settling time of powered ON and OFF comprises a digital-to-analog con- 

the analog filters (continuous time smoothing filter 90 and verier 

switched capacitor filter 95) is within 1 microsecond, and the IQ. ' The mobile communication system of claim 1, 

setthng time of the D/A converters is 0.5-1 microsecond, the therein said one or more components of the mixed signal 

combined setUmg time is 1.5 to 2 microseconds. In other 50 portion powered ON and OFF comprises a switched capad- 

embodiments, the combined settling time may be as high as gj^^^ 

4 microseconds. Because 2 or 4 microseconds is less than 7 ^ n^Qbii^ communication system of claim 1, 

microseconds, the gated output power mask can be met wherein said one or more components of the mixed signal 

without settling time issues. ^^^^^^ powered ON and OFF comprises a continuous time 

In another embodiment, the vocoder 65 generates the 55 smoothing filter, 

signal used to gate the transmit mixed signal portion 115 ON 12. The mobile commimication system of claim 1, 

and OFF during the presence and absence of voice activity wherein said one or more components of the mixed signal 

to be transmitted in a particular PCG. In another portion powered ON and OFF comprises a phase locked 

embodiment, the vocoder 65 is outside the baseband device loop. 

55, and there are two signals: one signal generated by the 13. The mobile communication system of claim 1, 
baseband device 55 and one signal generated by the vocoder wherein said one or more components of the mixed signal 
65. Either signal may be used to gate the transmit mixed portion powered ON and OFF comprises a voltage con- 
signal portion 115 ON and OFF. trolled oscillator. 

The present invention uses an internal signal within a 14. A mobile communication device with a radio fre- 

wireless handset to power ON and OFF certain components 65 quency (RF) frontend, a mixed signal portion, a baseband 

of the mixed signal portion 50 during intenniaent periods device, and a vocoder, said mobile communication system 

with no voice data transmission. The present invention comprising; 
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a signal generated by the vocoder to the mixed signal 
portion, said signaJ causing one or more components of 
the mixed signal portion to power off during at least one 
period of transmission with no voice activity, said 
signal causing said one or more components of the 
mixed signal portion to power on during at least one 
period of transmission with voice activity. 
15. A wireless communication device with a radio fre- 
quency (RF) frontend, a mixed signal portion, and a base- 
band device, said mobile communication system compris- 
ing: 

a signal generated by the baseband device to the mixed 
signal portion, said signal causing one or more com- 
ponents of the mixed signal portion to power OFF 
during at least one period with no voice activity 
transmission, said signal causing said one or more 
components of the mixed signal portion to power ON 
during at least one period of transmission with voice 
activity. 



10 
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16. The wireless communication device of daim 15, 
wherein the wireless communication device is a celhilar 
telephone. 

17. The wireless communication device of claim 15, 
wherein the wireless communication device is a cordless 
telephone. 

18. A method of saving power in a mobile communication 
handset with a baseband device, a mixed signal portion and 
a radio frequency (RF) frontend, said method comprises: 

reducing a rate of transmission of voice data from the 
baseband device to the mixed signal portion; 

generating a signal to power OFF one or more compo- 
nents of the mixed signal portion during at least one 
period with no voice activity transmission; and 

generating a signal to power ON said one or more 
components of the mixed signal portion during at least 
one period of transmission with voice activity. 
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